An endoglucanase gene of Ruminococcusflavefaciens FD1 was cloned on the vector pEcoR251 to form the recombinant plasmid pMEB200. The cloned endoglucanase gene showed carboxymethylcellulase enzyme activity but no degradation of Avicel (FMC Corp., Philadelphia, Pa.) endo-1,4-,-glucanase, exo-1,4-p-glucanase, and 1,4-pglucosidase. The endoglucanase is able to degrade soluble cellulose, whereas the exoglucanase can degrade insoluble cellulose (15).
Ruminococcus flavefaciens is a gram-positive anaerobic rumen bacterium capable of degrading the cellulose, hemicellulose, and pectin in plant cell walls (11) . Ruminants can utilize cellulose, which constitutes their major source of carbon, once it has been hydrolyzed and fermented by rumen bacteria. Cellulose is hydrolyzed by a complex of cellulolytic enzymes which is made up of three components:
endo-1,4-,-glucanase, exo-1,4-p-glucanase, and 1,4-pglucosidase. The endoglucanase is able to degrade soluble cellulose, whereas the exoglucanase can degrade insoluble cellulose (15) .
To gain an understanding of the mode of action and structure of the cellulases and to obtain hyperproducers, we report here the cloning of a DNA fragment from R.flavefaciens which contains an endoglucanase gene. To our knowledge this is the first gene to be cloned from R. flavefaciens. R. flavefaciens FD1, which was a gift from M. P. Bryant, University of Illinois, Urbana-Champaign, was isolated from rumen fluid and grown on Caldwell and Bryant medium no. 10 (2). Escherichia coli HB101 was grown in LB (LuriaBertani) medium (9 15 min. An equal volume of cold chloroform-isoamyl alcohol (24:1) was added, and the two layers were gently mixed by rotation and then centrifuged at 7,000 x g for 10 min. The top layer was removed and deproteinized repeatedly with the cold chloroform-isoamyl alcohol mixture until the interface was clear. Sodium perchlorate (0.5 M final concentration) and 1 volume of isopropanol were added to precipitate the nucleic acids, which were collected by centrifugation (7, min). The pellets were dissolved in TE buffer (10 mM Tris, 1 mM EDTA; pH 7.5) and dialyzed at 4°C. pEcoR251 DNA was prepared by the method of Ish-Horowicz and Burke (7).
R. flavefaciens chromosomal DNA and pEcoR251 were digested to completion with BamHI and BglII, respectively, ligated, and used to transform competent E. coli HB101 cells (4) . Transformants carrying recombinant pEcoR251 plasmids were selected on LB agar containing ampicillin (100 jig/ml) and replica plated onto LB agar containing mediumviscosity carboxymethyl cellulose (CMC; Sigma Chemical Co., St. Louis, Mo.) at 9 g/liter. After 24 h of growth, the plates were washed free of colonies, stained with Congo red (0.2% [wt/vol] ), and destained with 1 M NaCl (14) . Colonies showing carboxymethylcellulase (CMCase) activity were identified by a clear halo. Of 4,400 transformants screened, 2 colonies with CMCase activity were isolated, and the one showing the higher level, E. coli pMEB200, was chosen for further investigation (Fig. 1) .
A restriction map of pMEB200 showed that it contained an insert of 3.6 kilobases (Fig. 2) . To confirm that the insert did indeed originate from R. flavefaciens, PstI digests of pMEB200, pEcoR251, and R. flavefaciens were fractionated by electrophoresis on 0.7% (wt/vol) agarose gels in Tris acetate buffer (0.04 M Tris acetate, 0.001 M EDTA; pH 8.0) and transferred to gene screen nitrocellulose filters (12) . The filters were hybridized with chromosomal DNA from R.
flavefaciens labeled with 32P according to the Amersham nick translation kit manual (Amersham Corp., Arlington Heights, Ill.) (Fig. 3) . The results showed that the insert in pMEB200 originated from R. flavefaciens chromosomal DNA.
To determine the localization of CMCase activity in E. coli HB1O1(pMEB200), cell, periplasmic (1), and intracellular extracts (3) were prepared from overnight cultures. Cellulolytic activity against CMC, filter paper, and Avicel (FMC Corp., Philadelphia, Pa.) was measured by the amount of glucose equivalents released after incubation of the fractions with substrate (8) . Each fraction (50 ,ul) was mixed with 1 ml of 1.5% (wt/vol) CMC in PC buffer (50 mM K2HPO4, 12.5 mM citric acid; pH 7.0) and incubated at 37°C for 1 h. Activity against filter paper (Whatman no. 1) was determined by incubating a 60-mg strip of filter paper with 1 ml of PC buffer and 50 ,ul of extract for 24 to 48 h at 37°C. 24 to 48 h at 37°C. As controls for E. coli intracellular and periplasmic enzymes, ,B-galactosidase and P-lactamase were assayed by the methods of Sykes and Nordstrom (13) and Pardee et al. (10) , respectively (Table 1) . pMEB200 was found to direct the synthesis of CMCase alone, with cell extracts having no activity on filter paper or Avicel. Most of the activity (75%) was located in the periplasm, with 20% in intracellular fluid and 5% in extracellular fluid. Maximal accumulation of cellulase occurred in the late exponential phase of growth (Fig. 4) .
Because there are conflicting reports regarding the effect of glucose on cellulase activity of R. flavefaciens (5, 6), we decided to investigate the effect of glucose on the production of cellulase. Glucose (2% [wt/vol]) was added to a growing culture of E. coli(pMEB200) at various time intervals. The addition of glucose resulted in an increase in the levels of cellulase production, showing that this enzyme is not subjected to catabolite repression by glucose (Table 2) . A similar glucose effect has been reported for pure cultures of R. flavefaciens (6) .
The expression of a R. flavefaciens cellulase gene in E.
coli is the first demonstration that a structural gene from this gram-positive obligate anaerobe bacterium is expressed in E. coli. The ability of the cloned cellulase gene to hydrolyze CMC and the lack of hydrolysis of Avicel and filter paper indicate that the enzyme has only an endocellulase activity.
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